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immunoreactivity are normal in
NgR knock-out mice [1].
Therefore, Nogo/NgR must act
either independently or further
downstream in the signalling
cascade.
The implications of this work are
more far-reaching than just adding
to a growing body of evidence of
what controls plasticity in the
central nervous system.
Knowledge of what prevents it in
adulthood offers the opportunity
to develop therapeutic strategies
to overcome this inhibition. These
might entail inactivation of Nogo
with antibodies or fusion proteins
[13,14] or blockade of NgR with a
peptide derived from the first 40
amino acids of the Nogo-66
binding region of Nogo [15], or
modifications of the extracellular
matrix [9]. Potential applications
include not only regeneration of
severed nerves but also treatment
of, for example, amblyopia. This is
still the most widespread
developmental disorder of vision,
affecting 2%–4% of the
population, and in case of
persistence into adulthood is a
significant risk factor for blindness
in the case of an individual losing
sight in the other eye. In the UK
alone 370 patients suffered vision
loss in the non-amblyopic eye
during a two-year period, 86 of
whom were severely visually
impaired or blind [16]. If we were
able to re-establish visual cortical
plasticity in adulthood, this would
provide a chance to restore vision
in an amblyopic eye after the end
of the critical period. But a
question that will need to be
addressed beforehand is this: is
there a good reason for plasticity
to be limited in the mammalian
brain, and what will be the price to
pay for allowing plasticity in
adulthood?
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During the earliest stages of
development, the genome is
transcriptionally silent, and the
embryo lives off gene products
that are deposited into the
developing egg during oogenesis.
A small number of these maternal
gene products serves as
determinants that control
embryonic patterning. In some
cases, such determinants are
localized to specific positions in
the unfertilized egg. In Drosophila,
for example, oskar mRNA is
localized to the posterior pole of
the egg, where it determines the
development of germ cells [1]. In
other cases, the maternal
determinants become localized
only after fertilization. In
Caenorhabditis elegans, for
example, sperm entry leads to the
Axis Formation: Squint Comes
into Focus
Gene products provided by the mother to the embryo determine the
body axes in most animals. A recent study in zebrafish proposes that
the TGFβ signal Squint is one such factor.localization of P granules to the
posterior pole, the site of germ
cell formation [2]. In both cases,
maternal gene products become
asymmetrically localized and thus
provide positional information that
is used to determine specific cell
types. Sampath and colleagues [3]
now describe a maternal mRNA
that is asymmetrically localized in
the early zebrafish embryo.
Early embryological
manipulations have suggested
that maternal determinants are
localized asymmetrically in
vertebrates [4,5]. Amphibian and
fish eggs often are polarized along
the animal–vegetal (top–bottom)
axis. Moreover, bisecting
amphibian embryos during early
cleavage stages can result in two
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differently [6]. In some cases, one
half generates an almost complete
embryo including all dorsal and
anterior cell types (e.g.,
notochord, prechordal plate,
anterior nervous system). In
contrast, the other half yields a
ventralized embryo that lacks all
dorsal and anterior structures.
This suggested that the embryo
contains dorsal determinants
provided by the mother.
Removing vegetal cytoplasm
before or shortly after fertilization
also results in ventralized
embryos. It has, therefore, been
thought that the dorsal
determinants are localized
vegetally in the oocyte and
translocate after fertilization to the
future dorsal side [4,5]. Identifying
these determinants has been a
key challenge for developmental
biologists.
A study published earlier this
year [7] has suggested that the
signaling molecule Wnt11 is a
dorsal determinant in Xenopus.
Wnt11 mRNA is first located at the
vegetal pole but becomes
enriched on the future dorsal side
after fertilization. Injection of
wnt11 antisense phosphorodiester
oligonucleotides into oocytes
depletes wnt11 mRNA and results
in ventralized embryos.
Conversely, ectopic expression of
Wnt11 results in dorsalized
embryos. This suggests that
Wnt11 is a maternal determinant
of dorsal axis formation in
Xenopus. Interestingly, two other
Wnt signaling components,
dishevelled and GBP, are also
translocated from a vegetal to a
dorsal position in Xenopus [4].
Hence, the Wnt signaling pathway
is specifically activated in dorsal
blastomeres, resulting in the
stabilization of β-catenin, which
leads to the activation of dorsal-
specific genes [4]. Because β-
catenin is stabilized during early
cleavage stages and required
dorsally in early zebrafish
embryos, it is thought that the role
of Wnt signaling components as
dorsal determinants is conserved
between fish and frogs [5,8,9].
However, in a recent paper
Sampath and colleagues [3]
propose that this might not be the
complete story. They suggest thatFigure 1. Squint expression and blastomere ablation in zebrafish embryos.
(A) Expression of maternal squint mRNA (green) at 1-cell and 8-cell stages and
zygotic squint mRNA at high and sphere stages (d: dorsal). (B) Ablation of squint
mRNA-containing blastomeres results in embryos that are ventralized or have ante-
rior and posterior truncations. Ablation of blastomeres that do not contain squint
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Squint, a member of the Nodal
family of TGFβ signals, serves as a
dorsal determinant in zebrafish
embryos.
Squint and the related Nodal
signal Cyclops have previously
been identified as inducers of
mesodermal and endodermal
progenitors in zebrafish [5,10].
squint transcription is first
activated dorsally by β-catenin.
Later, squint is expressed
together with cyclops all around
the blastoderm margin,
overlapping and next to
mesendodermal precursors
(Figure 1). Single mutants that
lack the zygotic activity of either
squint or cyclops have relatively
mild defects, but zygotic double
mutants lack all endodermal and
most mesodermal structures
[9,11]. In such mutant embryos,
however, dorsal and anterior
ectodermal cell types such as
forebrain, midbrain and hindbrain
still develop. These findings
established that zygotically
expressed cyclops and squint
have partially redundant roles in
inducing mesodermal and
endodermal fates at the margin
during blastula stages.
Sampath and colleagues [3]
now propose an earlier role forsquint. They first analyzed the
localization of maternally provided
squint mRNA shortly after
fertilization. Strikingly, they found
that about two-thirds of the
embryos showed asymmetric
localization of squint at the 4- and
8-cell stages. Instead of a diffuse
distribution, as observed for many
other maternally provided mRNAs,
squint mRNA forms aggregates
that often localized to only two
blastomeres. This asymmetric
distribution seems to persist at
least until the 64-cell stage.
Injection of fluorescently labeled
squint mRNA into the egg shortly
after fertilization revealed the
dynamics of the localization
process. In unfertilized zebrafish
eggs, the embryonic cytoplasm
and the granule rich yolk are
mixed. Upon fertilization,
cytoplasm streams animally and
generates the blastodisc on top of
the yolk, which remains in the
vegetal part of the fertilized egg.
Both injected squint and control
mRNA formed aggregates that
streamed animally as the
cytoplasm segregated from the
yolk. However, the control
aggregates dispersed, while
squint mRNA aggregates were
maintained and became
distributed asymmetrically. This
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respect to the early cleavage
planes and did not overlap with
centrosomes. Deletion of the
squint 3′UTR resulted in a uniform
distribution, whereas a fusion
transcript of a β-galactosidase
reporter gene with the squint 3′
UTR was asymmetrically
localized. Importantly, at the
1000-cell stage β-galactosidase
protein generated from this
transcript was located in cells on
the future dorsal side, as revealed
by the overlap with the dorsal
markers dharma and β-catenin.
These results suggest that the
squint 3′UTR is necessary and
sufficient to localize squint mRNA
and protein to future dorsal
blastomeres in two-thirds of the
embryos analysed. Although a
phosphorylated form of p38 has
been suggested to mark the future
dorsal side already at the 2- and
4-cell stages [12], squint is the
earliest known mRNA that
localizes dorsally in zebrafish.
Embryological experiments
have suggested that dorsal
determinants are already localized
before the 4-cell stage [5,13,14].
To determine if squint mRNA is
localized to cells containing such
dorsalizing factors, embryos were
injected with fluorescent lacZ-
squint 3′UTR mRNA and
blastomeres that had localized
transcripts were ablated. In
control experiments, blastomeres
lacking the fusion transcript were
removed. 95% of control embryos
developed normally, but
remarkably, embryos that lacked
lacZ-squint 3′UTR positive cells
were either ventralized or had
head and tail truncations.
Consistent with previous
embryological studies and the
stabilization of β-catenin in dorsal
blastomeres, this result suggests
that squint-positive blastomeres
and their descendants contain
determinants that are required for
normal axis formation.
If squint mRNA is localized in
cells that contain the dorsal
determinant, could it be that
Squint itself is the dorsal
determinant? As Sampath and
colleagues [3] point out, if this
were the case, the loss of
maternal squint should result in
severely ventralized embryos. Toaddress this question, one would
have to generate embryos from
squint mutant mothers and from
wild-type fathers. The resulting
embryos would lack maternal
squint but have zygotic squint
from the paternal allele. This
experiment would be feasible,
because a subset of homozygous
squint mutant embryos can
survive to adulthood [15].
However, Sampath and
colleagues [9] chose instead to




fertilization, the resulting embryos
are expected to not express
Squint protein from the targeted
maternal mRNA. This approach
also blocks zygotic squint activity,
because morpholinos are stable.
After injection of squint
morpholino into unfertilized eggs,
only 20%–30% of the resulting
embryos have partially to severely
ventralized phenotypes, indicating
that in this context Squint is not a
major dorsalizing factor or that the
knock-down is incomplete.
Injection of the squint morpholino
into fertilized eggs results in a
milder phenotype, leaving most
dorsal structures intact. The
authors suggest that this milder
phenotype is mainly due to the
loss of zygotic but not maternal
Squint activity and suggest that,
therefore, maternal Squint acts as
a dorsal determinant in zebrafish.
Fortifying this conclusion will
require further work, as the results
of Sampath and colleagues raise
some important considerations.
First, a previous study suggested
that maternal-zygotic mutants for
a squint insertion allele have a
very similar phenotype to zygotic
squint mutants and are not
ventralized [15]. This indicates
that maternal Squint might not
play a major role during
embryogenesis and that the
squint morpholino injections may
have caused non-specific or
artefactual phenotypes.
Alternatively, the squint insertion
allele might not abolish all squint
activity.
Second, mutants for the Nodal
coreceptor One-eyed pinhead
lack all Nodal signaling but still
develop dorsal and anteriorectoderm — forebrain, midbrain
and hindbrain [16]. Hence, the
apparently complete loss of
Squint signaling does not seem to
lead to the severe ventralization
that would be expected from the
loss of a dorsal determinant. This
discrepancy could be resolved if
Squint had coreceptor-
independent functions. Indeed,
studies in Xenopus have shown
that Nodals can heterodimerize
with ventralizing BMPs and inhibit
their function [17]. It will be
important to determine if Squint
has a similar role in zebrafish.
Third, removal of vegetal
cytoplasm results in ventralized
embryos, but squint mRNA is not
exclusively localized vegetally in
oocytes or fertilized eggs
[13,14,18]. Thus, squint does not
fulfill one of the criteria for a
dorsal determinant. However, it is
possible that there might be a
vegetally localized molecule that
is required for squint transport or
processing.
Fourth, one third of embryos do
not seem to localize maternal
squint mRNA to the dorsal side.
Apparently, these embryos
develop normally despite
ubiquitous expression of squint
mRNA. Might there be a
mechanism to translate Squint
selectively on the dorsal side?
Taken together, these
considerations raise the
possibility that maternal squint is
neither necessary nor sufficient
for dorsal development. Maybe
maternal squint is not essential for
but simply stabilizes dorsal
development together with
zygotically expressed squint and
cyclops? In that case,
components of the Wnt signaling
pathway remain the bona fide
dorsal determinants in both fish
and frog.
The localization of squint mRNA
to dorsal blastomeres is striking,
but is it possible that this
asymmetric distribution is simply
the byproduct of another role of
its 3′UTR? The part of the squint
3′UTR sufficient to confer dorsal
localization is not only conserved
in cyprinid fish but also in some
mammals. Interestingly, the 3′UTR
of human Nodal confers dorsal
localization in zebrafish. In
mammals there is currently no
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determinants during early
cleavage stages. Maybe Nodal
mRNA needs to be localized to a
specific subcellular compartment
to be efficiently translated or for
its protein product to be secreted
locally? Precedence for this
scenario is provided by the
localization of wingless mRNA in
Drosophila [19]. Apical localization
is mediated by the wingless 3′UTR
and required for the normal
distribution of Wingless ligand.
Likewise, nodal mRNAs might
also need to be localized to
specific sites in the cell. This
localization would probably be
mediated by cytoskeletal
components and their associated
motor proteins. If the same
motors also happen to mediate
the asymmetric localization of
dorsal determinants in zebrafish, it
would not be surprising that
squint mRNA also localizes to
dorsal blastomeres. It will be a
fascinating challenge to determine
what role the 3′ UTRs of squint,
Nodal and other signals may have
in vivo.
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